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CHAPTER IV 
The Biology, Ecology, Population Parameters and the Fishery of 
the Nile tilapia, Oreochromis (Ll. 
By Balirwa J. S. 
Background 
Oreochromis ni10ticus (the Nile tilapia) and three other 
ti1apine species: Oreochromis 1eucost1ctus, zi111i and T. 
renda11i were introduced into Lakes Victoria, and Nabugabo, 
,in 1950s and 1960s. The source and foci of the stockings are given 
by Welcomme (1966) but the origin of the stocked species was Lake 
Albert. The Nile tilapia was introduced as a management measure to 
relieve fishing pressure on the endemic tiapiines and, since it 
grows to a bigger size, to encourage a return to the use of larger 
mesh g111 nets. Ti1apia zi11ii was introduced to fi11 a   vacant 
,niche of macrophytes which could not be utilised' by the other 
tilapiines. Ti1apia renda111i, and possibly T. 1eucosticutus could 
been introduced into these'lakes accidently as a consquence of 
one	 of the species being tried' out for aquaculture. 
The Nile perch and Nile tilapia have since fully 
themselves and presently dominate the commercial fisheries of Lakes 
Victoria and Kyoga. The original fisheries based on the endemic 
tilapiines O. escu1entus o. variabi1is have collapsed. It is 
hypothesized that the ecological and limnological changes that are 
observed in Lakes Victoria and Kyoga are due to a truncation of the 
original food webs of the two lakes. Under the changed conditions, 
O. ni1ot1cus to be either playing a stabilizing role or 
fuelling nutrient turnover in the lakes. Other testable hypotheses 
,point	 to the possible role of predation by the Nile perch, change 
in regional climate and hydrology in the lake basins. 
Objectives 
study the basic biology, ecology and population parameters O. 
ni1oticus and provide comparative information on the species 
between the new and native habitats by: 
i.	 examination the trophic ecology of the species. 
ii.	 characterising the species and obtaining information on 
possible hybridization with the other tilapiines. 
studying the reproductive biology of the species and, 
investigatfng the temporal and spatial distribution patterns 
of the species. 
iv. examining the reproductive biology of the species such as 
sex ratios, sexual segregation and fecundity. ' 
vi. ,analysing the popUlation structure in the fisheries 
vii.	 determining age and growth characteristics of the species. 
viii.	 mapping the fishery for o. niloticus in the Lake Victoria 
and establishing the impact of fishing effort on the stocks. 
ix.	 Providing information on the ecological interactions between 
the Nile perch and Nile tilapia 
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and Methods 
on Lakes Kyoga and Nabugabo, 
were stocked and Lake Albeit, the endemic 
habitat of O.nilotlcus (the Nile tilapia), lakes associated with 
some endemic tilapiines ,still occur. 
Lakes Victoria and Kyoga sampled monthly, Lake Nabugabo 
in and Lake Albert is during odd months. 
Victoria has concentrated in Napoleon 
Kyoga, inshore around Bukungu the 
Lake Albert has fishing villages 
Which' sampling the fishery. Lake Nabugabo is 
two lakes all of which sampled and 
presently to as the Nabugabo lakes complex. Specimens of 
nijoticus been obtained by experimental fishing {trawls and 
hetgangs,'seines, gill nets and castnetsl. Total 
1 (TL I, 's tandard 1 {SL I, we ights, gonad ur ity) 
stomach fullness are in the field and whole guts 
of' in formalin. Some 
tagging has been out in Lakes Victoria and Kyoga. 
analyses involved assessment of trophic 
characteristics through microscopic examinination of gut contents. 
Each gut is divided, into sections {stomach and 
hind gutl to estimate the digestibility different food items. 
Food items identified microscopically and quantified as 
percentage of all food items in the section. Comparison 
made with 
A compilation of length frequency data based on and 
beach seines was made. Other studies focused on 
estimates of size (agel at maturity, sex ratio, fecundity and 
breeding frequency, length weight and condition 
factors. 
Habitat sampling was (with less success) to identify 
temporal and spatial distribution patterns and to provide 
information on ecological interactions with other species. 
and meristic characteristics have been quantif,ied 
using homologous distances and structures to obtain information on 
hybridization and genetic variability. 
Results 
Trophic ecology (Food and Feeding) 
contrary to findings of previous o. niloticus is shown 
to be a benthic feeder with detritus contributing the bulk of 
apparently food material. The algal species recoverable 
in the guts appear to be an indication of the production in the 
water column and does not suggest a herbivorous diet as 
previously suggested. Tables 1 and 2 show comparative results 
obtained at an earlier period and during the present The 
differences in emphasis between detrital material and an algal diet 
probably due to methodological limitations during the 
stUdies which clearly gave a different impression. 
analyses showed that food preference was strongly influenced by 
local availability of dietary items such as Caridlna nl1otica, 
1 28 
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Table 1: The principle items in the gut contents of niloticus 
(Welcomme, 1967). 
1 Item Percentage occurrence 
Filamentous green algae 17.2 
I 1. Chlorophyceae general • 74.4 
1 
Pediastum 71. 5 
Scenedesimus 60.0 
Ankistrodesmus 34.2 
Staurastrum 60.0 
_Botryococcus 37.2 
I , 2. Diatoms 100.0 
Amphora 22.4 
1 Cymbella 20.0 
1 
_Fragillaria 2.8 
8.5 
91. 5 
Navicula 22.4 
Pinnularia 17.2 
Rhopalodia 5.71 Nitzschia 20.0 Surirella 57.2 
·1 3. Cyanophyceae 
1 
1 
Lyngbya 80.0 
Osci11atoria 17.2 
Anabaena 22.4 
40.0 
Herismopedia 40.0 
Dinoflagellates 11.4 
Flagellates , 22.8 
Rhizopods 8.51 Rotifera 2.8 
1 
Crustacea 17.2 
Insect remains 14.3 
Bottom plants 40.0 
Portions bitten off plants 2.8 
1 n = 35; Size range (S.L.) 18.8 + 2.0 The of fish found with each type of food was: 
Bottom material only, 5.77. 
1 Bottom material and apparent 
1
 
planktonic material, 37.17.
 
Apparent planktonic material
 
only, 
1 
1 
I 
Table 2: Gut contents of Q. niloticus specimens collected during 1988-90 
, 
Item Percentage occurrence in: 
Stomach Fore - gut Hind - gut 
a b a b a b 
1. CHLOROPHYCEAE (general algae) 
Pediastum 13.0 26.7 23.2 60.0 23.2 44.4 
Scenedesimus 31.9 26.7 56.5 75.6 62.3 53.3 
Ankistrod.esmus 42.0 57.8 53.6 75.6 58.0 57.8 
Staurastrum 1.4 1.4 2.2 4.4 
Crucigenia 10.1 13.3 15.9 24.4 15.9 15.6 
Coelastrum 18.8 31.1 24.6 28.9 34.8 31. 1 
Dictyosphaerium 11. 6 2.2 8.7 2.2 14.5 4.4 
Closterium 39.1 44.4 62.3 68.9 63.8 44.4 
Tetraedron 8.9 5.8 15.6 7.2 11. 1 
Kirchneiriella 4.4 
Cosmarium 2.2 6.7 
Selenastrum 2.9 2.2 4.3 4.4 
Epiphytic algae (mixed) 1.4 4.4 2.9 2.2 8.7 6.7 
2. BACILLARIOPHYCEAE (Diatoms) 
UMlosira 10.1 22.2 17.4 46.7 11.6 37.8 
Ni tzschla 81. 2 82.2 94.2 93.3 84.1 71.1 
Surirella. 11. 6 13.3 15.9 33.3 13.0 24.4 
Navicula 20.2 31.1 49.3 44.4 40.5 42.2 
Synedra 7.2 6.7 14.5 8.9 11. 6 4.4 
Fragillaria 8.7 13.3 18.8 35.6 18.8 35.6 
Cymbella 2.9 2.2 4.3 6.7 
Cocconeis 6.7 6.7 
Cymatopleura 4.4 6.7 
3. CYANOPHYCEAE (Blue-green algae) 
Lyngbya 47.8 55.6 44.9 66.7 23.2 48.9 
Microcystis 68.1 75.6 79.7 77.8 66.7 55.6 
Anabaena 46.4 66.7 36.2 31.1 24 .. 6 24.4 
Anabaenopsis 39.1 62.2 21.7 26.7 11. 6 15.6 
Merismopedia 39.1· 44.2 52.2 55.6 60.9' 46.7 
Odvillatoria 15.9 28.9 20.3 26.7 15.9 20.0 
4.	 Higher plant material e.g. 34.8 44.4 40.6 57.8 30.4 46.7 
roots and parts bitten off 
plants 
5.	 DETRITUS 100.0 100.0 100.0. 100.00 100.0 100.0 
6. INVERTEBRATES 
Caridina 17.4 15.9 4.3 
Copepods 27 .5 42.2 29.0 26.7 29.0 22.2 
Ostracods . 4.3 8.9 11. 6 6.7 7.2 4.4 
Cladocera 7.2 10.1 4.3 
Chironamid larvae 13.0 6.7 13.0 2.2 8.7 2.2 
Chaoborid larvae 4.3 20.0 5.8 13.3 8.7 13.3 
Other insect remains 14.5 17.8 11.6 11. 1 4.3 8.7 
Molluscs and Mollusc eggs 
(mainly Gastropods) 
Rotjfers 
a. October collection: n ='69;size range 13.3 - 42.0 cm 
b. November collection n = 45;size range (SL) 14.0 42.2 cm 
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molluscs, and fish larva. These may appear relatively 
infrequently as in the tables but comprise separately the items 
strongly selected for on a local basis. 
. 
Interspecific hybridization and genetic variability 
The dominant type of tilapiines in Lakes Victoria, Kyoga and 
Nabugabo were some form of O. niloticus. Morphometric and metistic 
analyses suggested that there were differences from the pure stocks 
of the species from Lake Albert - the endemic habitat. To 
ascertain the real differences will require validation with results 
of genetic mapping techniques and until this done, it was 
premature to speculate on the differences so far. Further analysis 
of possible hybridization between stocked and endemic tilapiines 
had been hampered by the scarcity of endemic material. A ready 
source of 0.. esculentus has been identified in lakes associated 
with Lake Nabugabo. 
Length Frequency distributions (size structure) 
The maximum lengths (Lmax) observed for fish in the various 
habitats are given in Table 3. Length frequency distribution O. 
niloticus are given in Figure I for fish from Lakes Victoria and 
Kyoga. Data for Lakes Nabugabo and Albert are still inadequate to 
give reliable estimates of the size structure of fish in the two 
lakes. 
Reproduction 
Size at first maturity 
Figure 2 shows estimates of size of fish at first maturity. 
There is roughly a 2 cm difference between the size (length) at 
which O. niloticus matures in Lakes Victoria and Kyoga. to 
the paucity of data, no estimates for Nabugabo and Albert fish have 
been made - a trend which is reflected in other analyses as well. 
Seasonal gonadal status 
Table 4 depicts percentages of fish in active gonad states 
distributed throughout a calender year as well as the pooled sex 
ratios encountered in the samples. Breeding activity appears to be 
randomly spread throughout the year, and, comparison with rainfall 
data does suggest any correspondence between peak rainfall and 
maximum breeding activity. Sexes up to gonad state IV seem to be 
randomly mixed while more advanced gonad stages indicate skewed sex 
rations. 
Fecundity 
Egg counts of specimens in gonad stages V and VI have been 
made'for all the habitats. However, size samples are not yet 
representative to compile a comparative picture of fecundity 
differences. 
Length weight relationships and condition factors 
Figure 3 shows the length relationships for the fish as 
computed by the formula W = aLb. Even without transformation, there 
31 
Table 3: Maximum length (Lmax ) of Oreochromis niloticus ,various waters 
Lake: 
Lmax (cm) 63.0 
Victoria 
58.0 50.0 
Nabugabo 
53.0 
Albert 
'Table 4: Seasonal gonad status in Oreochromis niloticus 
i) Lake Victoria: 
Gonad state III IV [V +'VI]
 
Sex F M F M F M 
Period: 
December-March 9 10 12 15 21 14 141 
April - July 9 10 13 9 9 19 352 
August - November 8 9 18 18 13 432 
ii) Lake Kyoga 
Period: 
Gonad 
Sex 
state 
F 
III 
M F 
IV 
M F 
[V + VI] 
M 
December-March 15 11 6 9 9 30 53 
April - July 10 9 8 12 11 21 505 
August-November 8 10 8 11 11 544 
._-
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I Table 4 Catches by weight (kg,) of various species landed in one 
area of Lake Victoria as a reflection of fishing ground. 
I
 
Inshore ­Fishing 
ground: up to 
Species:I
 
I Oreochromis niloticus 
I Lates niloticus 
I Protopterus aethiopicliS 
I Clarias ganiepinus 
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depths 
11,127
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FIG 3 ~
Length-weight relationship of Nile tilapia in
lakes Victoria, Kyoga and Nabugabo.
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does not appear to be significant differences in the fish from 
three of the habitats. However, transformation and size assortment 
are necessary to derive the actual (real) comparison in condition 
factors. 
Temporal and spatial distribution 
Table4(iii) - shows a reflection of the type of habitat where 
O. nllotlcus are targeted by commercial fishermen. The tilapia 
fishery seems to be concentrated in shore up to a depth of 10m. 
Table 5 gives the magnitude of catches of O. niloticus obtained 
under two fishing regimes. Compared to results of the traditional 
passively operated gill nets, the methods are the type of fisheries 
in different areas of the lake. The results also further suggest 
an apparent segregation by habitat between the two stocked fish­
Nile perch and Nile tilapia. Although not indicated from 
experimental evidence, specimens of O. niloticus obtained by 
fishermen from water at 15m and above are essentially by-catch from 
the targeted Nile perch. 
Discussion 
A major focus of the study of O. nllotlcus and other 
tilapiines has been to identify the ecological role played by the 
species under the changed ecological conditions of Lake victoria, 
Kyoga and Nabugabo. O. niloticus was previously reported to be 
herbivorous feeding on phytoplankton in various waters. 
Table 1 serves as database for observations made before 
dramatic changes in fish diversity while Table 2 shows the trophic 
characteristics of the species under the changed conditions. As 
percentage occurrence, the two sets are comparable. I t is 
difficult to explain why detritus so dominant under the present 
study could not be observed then. The same would seem to apply to 
the varied invertebrate fauna recovered in gut analyses. It is 
hypothesized that O. niloticus could have played a significant role 
in the elimination of some haplochromines in the inshore and 
shallow areas of the lake ecosystems. The target group 
would be the detrivorous haplochromines. Part of this assertion is 
supported by spatial distribution pattern [Table 4 (iii) ]    and 
probably the reported habit of the species excavating wide breeding 
nests (McConnell, 1958). It is possible that the organic 
composition of detritus which is readily available would provide a 
suitable ecological niche at minimal metabolic cost. This may 
explain the local and infrequent dominance of animal mater ial 
especially C. nilotica molluscs and chironomids which may be 
conspicuously dominant at certain times of the year. A secondary 
consequence of the benthic and detrital diet can be associated with 
the overall nutrient cycling in the ecosystem. Where the original 
algal grazers- would convert primary production into fish biomass, 
O. niloticus presently converts the organic material of detritus 
into flesh and still releases matter back into the system. In this 
respect, the Nile ti lapia could actually contr ibute to nutr ient 
loading of the lake by stirring of the bottom, hence facilitating 
sediment resuspension and reduced secchi-transparency through 
increased algal rates. It is worth speculating on the organic 
•
 
837 
Table 5: A comparison of the catching power of actively gillnets 
at pooled fish landings of Lake Victoria. 
Size of No. of Type of Nos. caught 
nets nets O.niloticus Nile perch 
7" 
7" 
6" 3 
3 
3 
ZKZ 
ZKZ 
ZKZ 
10 
9 
1 
5 II 
6" 
4.5 11 
6" 
t.,. 
NA 
IO 
NA 
16 " 
TYCE 
TYC 
TYC 
40 
25 
45 2 
3 
4.5" 
6" 
7" 
16 
7 
NA 
Passive 
" 
" 
18 
6 
3 
3 
2 
ZKZ 
.' 
Zingakuzinga - a technique in 'which gillnets 
manner similar to seine nets. 
are operated in a 
TYC Tycoon - a technique which employs scaring and ensnaring fish 
in gillnets on "beating" of water along the set gangs 
of gillnets. 
NA Not available 
'. '. 
" 
I 
~c 
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meristic analyses are not conclusive to suggest clear 
hybridization. However, the phenomenon cannot be ruled out 
entirely since not all the data have been analysed. It is also 
essential to verify the data with other methodology such as genetic 
sequencing. On the other hand a counter process to account for the 
dominance of O. niloticus in the changed fisheries could be due to 
genetic drift, a mechanism which must have operated in the early 
stocking and subsequent successful lines. Ecological dominance 
therefore will require an understanding of the genetic composition 
of the race that presently form the basis of the tilapia fisheries. 
From a fishery perspective, a comparison of the exploited 
stocks of O. niloticus in Lakes Victoria and Kyoga suggests that 
biological parameters such as length frequency distributions, size 
at first maturity, e.t.c. can be used to determine and monitor the 
health of the fisheries. Figure 1 indicates that whereas there are 
clear patterns of peaks and dips in the Lake Kyoga stocks, no such 
pattern is readily discernible in Lake Victoria.The Kyoga pattern 
is probably influenced by specific fisheries for O. niloticus of 
about 30 cm TL while at cm, the species is caught together with 
Nile perch. Could this indicate that as a result of targeting for 
Nile perch with meshes capable of taking the cm groups, the 
fisheries are inefficient? It suggests that bigger fish are not 
effectively harvested. At 25 cm, there appears to be an effect of 
the type of fishing and gear (Table 5) on the future stocks of Lake 
Victoria. This is further indicated by the differences in length 
at first maturity (Fig. 2). While overall, the effects of fishing 
and other ecological factors do not appear to have altered the 
condition of the fish (Fig. 3). Whether are real differences 
in the length-weight relationships for various waters would however 
require transformation 
size, fecundity and ful
of assorted data to 
lness of stomachs. 
reduce the effect of 
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